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Abstract 
The effect of non-ionising radiation to human health has been a great concern. In the case of Universiti Kebangsaan Malaysia, 
this apprehension is especially significant, since it concerns students and university staff who study, work and live in the 
university compound. This worry is further justified with the existence of several Mobile Telephone Base Stations (MTBS), 
television and radio broadcast towers, high-voltage electric cables and electrical substations which are known to be sources of
electromagnetic fields ranging from the Extremely Low Frequency (ELF) to the Radiofrequency (RF) range. This creates a 
serious quandary, since there are no safety guidelines focusing on limiting the non-ionizing radiation exposure dose to students
and staff members. The objectives of this study are two-fold: 1) to monitor the non-ionising radiation level at various locations
within the university compound to provide current data compared with exposure limits suggested by the Malaysian 
Communications and Multimedia Commission (MCMC) and International Non-Ionizing Radiation Committee (INIRC) of the 
International Radiation Protection Association (IRPA)and 2) to develop a non-ionising radiation policy for Universiti 
Kebangsaan Malaysia (UKM) from both the administrative and technical aspects. Six locations were chosen for monitoring based 
on the presence of radiation sources and/or student/staff occupancy, determined with the assistance of the Office of Occupational
Safety and Health, Universiti Kebangsaan Malaysia. Three of these locations contain sources which emit radiation in the ELF 
range, while the remaining three emit RF radiation. Results showed that the ratio percentage between the RF and ELF exposures 
at these locations, in comparison to the MCMC and IRPA/INIRC exposure limits,were 0.2% and 2.8%, respectively. These 
results showed that for the time being, the exposures at all identified non-ionising radiation hotspots does not exceed the 
exposure limit suggested by both MCMC (which adopts the recommendation of ICNIRP, 1998) and IRPA/INIRC. However, a 
non-ionising radiation policy for UKM is still imperative, to serve as a reference and guideline for future activities that may
contribute to the non-ionising radiation capacity. Subsequently, concerns were raised during the monitoring activities, especially 
amongst students who highlighted the necessity of a subject that introduces non-ionising radiation and its possible biological risk,
as was offered by the Nuclear Science Department, before the restructuring of the Faculty of Physics and Applied Science in 
2001.
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
Keywords:Extremely low frequency (ELF); ICNIRP; IRPA/INIRC; non-ionising radiation policy; radiofrequency (RF) 
1. Introduction 
* Corresponding author. Tel.: +6-03-8921-3353; fax: +6-03-8925-4519 
E-mail address: irman@ukm.my 
Available online at www.sciencedirect.com
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and 
Learning Congress 2011 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
658   Irman Abdul Rahman et al. /  Procedia - Social and Behavioral Sciences  59 ( 2012 )  657 – 662 
In recent years, the presence of electromagnetic fields (EMF) in the range of extra low frequency (ELF), 
radiofrequency (RF) and microwave (MW) have been a cause of concern among the public. As of  2010, data shows 
that there are 33.85 million  mobile phone subscribers in Malaysia, and this has escalated to 35.70 million in the 
third quarter of 2011 (Malaysian Communications and Multimedia Commission, 2011). This corresponds to the 
increase of Mobile Telephone Base Stations(MTBS) being built in the vicinity of high population areas, to 
accommodate new technology and to cover larger percentage of sites and users, preventing congestion of 
communication (Anon, 2011). MTBS can transmit power levels of up to 100 W or more, but the power density 
inside a building can be reduced to 100 times lower than outside, depending on the type of building construction 
(Schuz & Mann, 2000). Radio and television broadcast transmitters have a large coverage area and need to operate 
at relatively high power levels of up to about 1MW (Dahme, 1999). Various studies have been carried out to find the 
correlation between RF exposure and health risk. Feychting (2007) reviewed the effects of mobile telephones and 
RF exposure from transmitterson the formation of brain tumours, acoustic neuroma and cancers outside the brain. 
She concluded that currently there is no or only limited evidence from epidemiological studies that suggest adverse 
health effects of exposure to RF below standard exposure levels. 
On the other hand, the location of power lines and overhead high voltage cables (OHVC) which are near to 
residential areas and the use of electrical home appliances create public concerns. Experimental studies have been 
carried out by many researchers to prove the relationship between the exposure to EMF and the increased risk of 
cancer. In the ELF spectrum, an epidemiological study by Wertheimer and Leeper (1979) becomes the main 
reference by other researchers, suggesting that exposure to ELF from high current configurations in power lines 
contribute to the possibility of childhood leukaemia. This study was subsequently supported by Savitz et al., (1988), 
Ahlbom et al., (2000) and Greenland et al., (2000). Milham and Ossiander (2001), who studied the advancement of 
electrification between 1920 and 1960 showed that incidences of leukaemia, especially lymphoblastic leukaemia 
among two to four years old children were higher in industrialized countries rather than in developing countries. 
Calvente et al., (2010), based on his review of studies carried out between 1979 to 2008, suggested an association 
between the exposure to EMF and the effects to childhood leukaemia, although no indication of significance was 
shown in the statistical data. However, this association was generally attributed to confounding factors, potential 
biases, misclassifications of exposure, or simple chance while many other publications claimed that the effects of 
ELF still remained unclear and weak. This inconclusiveness is due to the limitations and uncertainties which led to 
misclassification during the assessments. Possible future actions to improve exposure assessment were suggested 
(Feychting,  2007; Calvente et al., 2010; Blackman, 2009; Jauchem, 2008). 
Nevertheless, studies on non-ionising radiation still remains crucial to gain better understanding of the effects to 
health and the risks. This paper describes the development of thenon-ionising radiation policy for Universiti 
Kebangsaan Malaysia (UKM) to be used as the guideline in monitoring NIR activities. Consequently, this study 
proposes that a subject describing the effects of non-ionising radiation on biological systems and its exposure 
protection, as offered by the Nuclear Science Department prior to the year 2000, be reintroduced into the current 
curriculum, to address the concerns and educate students on the dangers (or assumed dangers) of non-ionising 
radiation. 
2. Policy Development 
The main reference document in the development of this policy would be the Guidelines on Occupational Safety 
and Health Act 1994 (Act 514) (2006), with the purpose to ensure safety, healthiness, and welfare of workers and 
public. In order to obtain the basic ideas and the most suitable approaches toward the development of UKM NIR 
policy, this act was supplemented by non-ionising radiation policies and safety guidelines of well renowned 
universities such as Loughborough University (2010), University of Guelph (2000), California State University 
(2010), University of Manchester (2006) and Simon Fraser University (2005). 
There are several parts that must be stressed on. A policy must state the role of the university itself and to whom 
the university will entrust to take the responsibility, which in the case of UKM, will most likely be the Office of 
Occupational Safety and Health. In this section, the scope of work and responsibilities must be explained in-depth, 
both in administrative and technical aspects. A brief explanation of NIR must also be enclosed along with this 
policy, in an easily understood form by workers, students and public. 
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As for standard exposure limits, the UKM Non Ionising Radiation Policy adapts the exposure limits 
recommended by Malaysian Communications and Multimedia Commission, MCMC (which adopts the exposure 
limits recommended by ICNIRP, 1998)for RF exposure and IRPA/INIRC (1989) for ELF exposure, specifically for 
50/60 Hz (Malaysia’s electrical power lines use 50 Hz). Even though ICNIRP has come out with new exposure 
limits for ELF in 2010, the UKM Non Ionising Radiation Policy still uses the ICNIRP suggestions on exposure 
limits suggested in the 1998 report, as the ICNIRP (2010) exposure limit is higher than 1998 recommended value. 
Furthermore, at this moment, the MCMC still adapts the exposure limit as suggested in the 1998 report.  
3. Monitoring Activities 
A report, which outlines the monitoring activities in the area of interest, must be done to complement the NIR 
policy in order to observe the changes of EMF exposure from the emitters/sources periodically. There are six target 
locations identified in the vicinity of UKM, three of which are ELF sources while the other three are RF sources. 
Table 1 and 2 show the monitored NIR hotspots and the ratios in comparison to the ICNIRP and IRPA/INIRC 
guidelines for the RF and ELF exposures at each monitored location.  
Since two different EMF frequency ranges are measured, two types of instruments available in the laboratory are 
used. RF analyzer HF35C measures density of RF/MW exposure from MTBS ranging from 800 MHz to 2.5 GHz. It 
covers mobile phone frequencies (e.g. GSM800, GSM1900, TDMA, and CDMA) (Gigahertz Solutions GmbH, 
2003) and frequencies from the MTBS itself, at which 900 MHz to 1900 MHz is used for transmitting signals and 
reception frequencies in the range of 800 MHz to 1800 MHz (MohdYusofet al. 2003). Simultaneously, 
Multidetector II Profi measures both electric and magnetic fields with a frequency range of 5-500 Hz and 500-400 
kHz, with an accuracy of 1%. 
Basically, measurements were carried out by positioning the detectors at points in a circular contour, at eight 
different angles from the source. Measurements were carried out at points corresponding to increments of 5 m 
distance in each direction. For monitoring points where obstructions, limited space or incompatibility with the 
contour method hampered the measurements, a reduced increment distance or usage of the parallel point method 
was applied. Figure 1 depicts the identified areas monitored, with the red marks demarcating the ELF sources while 
the blue marks represent the RF sources. 
Table 1.Identified locations for ELF sources and the Exposure Ratio Percentage in comparison to the IRPA/INIRC exposure limits 
Label Location Area of interest ELF Exposure  
(Ratio percentage in comparison to 
IRPA/INIRC exposure limits) 
A UKM Mosque Electrical power lines substation 
(unshielded) 
2.50% 
B Health Centre UKM Overhead power lines 2.78% 
C UKM Chiller plant Main Switch Board, HT room, Chiller, 
Transformer room 
0.87% 
Table 2.Identified locations for RF sources and the Exposure Ratio Percentage in comparison to the MCMC (ICNIRP) exposure limits
Label Location Area of Interest 
RF Exposure  
(Ratio percentage in comparison to MCMC 
(ICNIRP) exposure limits) 
D Ibrahim Yaakob Residential 
College 
MTBS above College 
cafeteria 
0.02% 
E Rahim Kajai Residential 
College 
MTBS on Student hostel 
rooftop
0.02% 
F Tun Sri Lanang Library 
(PTSL) 
MTBS on PTSL rooftop 0.02% 
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Figure 2. Key components in the development of a comprehensive NIR policy 
This ‘reinvigorated’ course must cover discussions on the physics of non-ionising radiation from ultraviolet 
radiation (UV) to Extremely Low Frequency (ELF), including the common natural and artificial sources of 
radiation, their applications in daily life and the fundamentals principles of protection in order for the students to 
gain a sufficient level of understanding on NIR. This must then be followed by an introduction to detection 
instruments available in UKM, proper measurement techniques, study of the latest research, and the challenges in 
NIR research. For the purpose of strengthening theoretical knowhow, student may opt to supplement practical 
knowledge on NIR in the form of a final year project, which simultaneously contributes to the‘monitoring’ element 
of the non-ionising radiation policy adopted. With strong and reliable results, these studies may also be published at 
the international level, as was done by Malaysian researchers such as Man and Shahidan (2006, 2008), Mohd Yusof 
et al., (2003) and Md. Rafiqul et al., (2006). 
5. Conclusion 
There are three main components in the development of a comprehensive non-ionising radiation policy which 
were the essence of the policy itself, periodical monitoring activities, and the presence ofnon-ionising radiation 
subject that disseminates and seeds research on non-ionising radiation topics. In UKM, the policy is developed 
based on the Occupational Safety and Health Act 1994 (Act 514) (2006) safety guidelines, supplemented with 
exemplary non-ionising radiation policies of other well-known international institutions of higher education. As for 
the monitoring activities, results obtained from the six identified hotspots suggest that both RF and ELF exposure 
levels are far lower than the suggested MCMC (ICNIRP) and IRPA/INIRC exposure limits, at a ratio percentage of 
RF and ELF of 0.2% and 2.8%, respectively. With the development of the UKM Non Ionising Radiation policy and 
the progress of the monitoring activities being carried out periodically, the final element calls for the reintroduction 
of an academic subject on non-ionising radiation, as was offered before therevision of the Bachelor of Science 
(Science Nuclear) programme 
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